Objective: High rates of depression and posttraumatic stress disorder (PTSD) contribute to sexual risk, particularly in men who have sex with men (MSM) who have experienced childhood sexual abuse. The comorbidity between depression and PTSD and mechanisms by which they contribute to sexual risk in MSM remain unclear. This study sought to demonstrate the feasibility and utility of a network approach to (a) characterize symptom interconnections between depression and PTSD in MSM, (b) identify specific symptoms related to sexual risk behavior, and (c) compare symptom networks across groups at different levels of risk. Method: Cross-sectional baseline data were collected from 296 HIV-negative urban MSM as part of a multisite randomized intervention trial. Symptoms of depression and PTSD were self-reported along with sexual risk behavior. Analyses were performed in R using regularized partial correlation network modeling. Results: Network analyses revealed complex associations between depression and PTSD symptoms and in relation to sexual risk behavior. While symptoms clustered within their respective disorders, depression and PTSD were connected at key symptom nodes (e.g., sleep, concentration). Specific symptoms (e.g., avoiding thoughts and feelings) were linked to sexual risk behavior. Network comparisons across risk groups suggested avoidant processes could be more readily activated in higher-risk individuals, whereas hyperarousal symptoms may be more salient and protective for lower-risk individuals. Conclusions: This study is one of the earliest network analyses of depression and PTSD, and first to extend this inquiry to health behavior. Symptom-level investigations may clarify mechanisms underlying psychological comorbidity and behavioral risk in MSM and refine targets for intervention/prevention.
Keywords: network analysis, psychopathology, childhood trauma, posttraumatic stress disorder, health behavior Supplemental materials: http://dx.doi.org/10. 1037/ccp0000241.supp Men who have sex with men (MSM) are at heightened risk for acquiring sexually transmitted infections (STIs) such as HIV (Centers for Disease Control and Prevention, 2016) . Behavioral risk for HIV/STI acquisition-that is, sexual risk-has been found to be especially high among MSM with histories of childhood sexual abuse (CSA; Mimiaga et al., 2009; Paul, Catania, Pollack, & Stall, 2001) , and such histories are disproportionately common in this population (Doll et al., 1992; Sweet & Welles, 2012) with over one in four MSM reporting prior exposure to CSA (Lloyd & Operario, 2012) . In both community-based and nationally based samples of MSM, the association between CSA and later sexual risk has been found to be mediated, at least in part, by increased mental health difficulties such as posttraumatic stress disorder (PTSD; Reisner, Falb, & Mimiaga, 2011; Reisner, Mimiaga, Safren, & Mayer, 2009 ) and depression (Mimiaga et al., 2009) . Consistent with this, MSM with CSA histories tend to experience high levels of both PTSD and depression (Boroughs et al., 2015; Williams et al., 2015) . Comorbidity between depression and PTSD is suggested to lead to worse functional outcomes in MSM populations (O'Cleirigh, Skeer, Mayer, & Safren, 2009 ) and increase lifetime sexual risk (Holmes, Foa, & Sammel, 2005) . However, how the comorbidity of both disorders manifests in this population, and mechanisms by which each disorder may contribute to sexual risk are largely unknown.
In addition to co-occurring in individuals across the life course (Elhai, Grubaugh, Kashdan, & Frueh, 2008) , depression and PTSD share etiological risk factors such as trauma exposure (McQuaid, Pedrelli, McCahill, & Stein, 2001; Wiersma et al., 2009 ). In addition, they share a number of criterion symptoms, as outlined by the most recent Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, 2013) . Various explanatory hypotheses have been put forth regarding high rates of comorbid depression and PTSD, with some studies suggesting that depression and PTSD can be explained by the same underlying factors, whether psychological or genetic (Elhai et al., 2011; Koenen, Fu, et al., 2008; Koenen, Nugent, & Amstadter, 2008) , while other studies indicate that depression and PTSD are best represented as correlated but fundamentally distinct processes (Hickling, Gillen, Blanchard, Buckley, & Taylor, 1998; Kemp, Drummond, & McDermott, 2010; Post, Zoellner, Youngstrom, & Feeny, 2011) . In light of this debate, one related hypothesis is that depression and PTSD are mutually reinforcing conditions (Cramer, Waldorp, van der Maas, & Borsboom, 2010) , such that PTSD symptoms may lead to the development of depression symptoms, and vice versa, thus leading to the maintenance of both disorders in a traumatized population such as MSM with histories of CSA. Under this hypothesis, depression and PTSD share common symptoms that may account for their overlaps when considered at the disorder level, but may remain meaningfully distinct in presentation and impact at their symptom network level. However, this hypothesis requires further investigation, both generally and in MSM.
While both depression and PTSD have been found to be associated with sexual risk in MSM (Alvy et al., 2011; Millar, Starks, Grov, & Parsons, 2017; Reisner et al., 2009; Wilson, Stadler, Boone, & Bolger, 2014) , the specific ways in which they increase engagement in risk behavior are not well characterized. Previous literature has tended to focus on predicting sexual risk at the level of the disorder (whether diagnosis or symptom sum scores). While informative, this likely stems from the prevailing view that psychological symptoms result from an underlying mental disorder, and that it is the disorder itself that has relevance for behavioral outcomes (Kendler, Zachar, & Craver, 2011) . Newer models of psychopathology suggest it may be useful to conceptualize disorders as created by a system of causally interrelated symptoms (Borsboom & Cramer, 2013; Fried et al., 2017) . For example, experiencing one depressive symptom (e.g., poor sleep) may trigger a series of other symptoms (e.g., low mood, disrupted appetite), creating an overall phenotype of depression. In this case, symptoms represent discrete entities with functional significance for other symptoms as well as potential outcomes. Indeed, recent literature has proposed that individual symptoms deserve greater inquiry (Fried & Nesse, 2015b) because not all individuals with PTSD or depression experience the same set of symptoms (Carragher, Adamson, Bunting, & McCann, 2009; Chen, Eaton, Gallo, & Nestadt, 2000; Zoellner, Pruitt, Farach, & Jun, 2014) and different symptoms can uniquely predict functioning (Fried & Nesse, 2015a ). Thus, it is possible that sexual risk behavior is largely influenced by certain symptoms of PTSD and/or depression, while other symptoms are less relevant.
Consistent with this, symptom-or cluster-level mechanisms of behavioral risk in MSM have been previously speculated based on clinical evidence (O'Cleirigh, Safren, & Mayer, 2012) . These proposed mechanisms have been largely based on traditional PTSD diagnostic symptom clusters (American Psychiatric Association, 2000) , suggesting that avoidance may result in not being fully present to risks within sexual situations; hyperarousal may contribute to inaccurate appraisals of safety versus risk; and intrusions in the form of distressing thoughts and feelings about the self may reduce ability to negotiate safe sex (O'Cleirigh et al., 2012) . Avoidance in PTSD may be particularly relevant, given how avoidant coping has been previously linked to risk behavior (Martin, Pryce, & Leeper, 2005) . However, symptom-based mechanisms have not been evaluated empirically, and not with regards to depression. For example, depressive symptoms such as hopelessness could also decrease engagement in safe sexual behavior, while dysphoria may increase efforts to improve mood through risky sensation seeking. As consistent with a Research Domain Criteria framework (Cuthbert, 2014) , symptom-level investigations may provide more specific insights into affective mechaThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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nisms underlying sexual risk behavior in MSM and refine targets for multiple levels of intervention and prevention. Network analysis is a relatively new method in psychological research for examining complex associations between symptoms (Borsboom & Cramer, 2013) and may offer a novel approach to examine unanswered questions to date related to both comorbidity and risk prediction in MSM at the symptom level. Of relevance, it can be used to elucidate potential pathways from one disorder to the other (Borsboom & Cramer, 2013) when symptoms are examined across two or more disorders (e.g., Bekhuis, Schoevers, van Borkulo, Rosmalen, & Boschloo, 2016; Knefel, Tran, & LuegerSchuster, 2016) . Based on a recent network study (Afzali et al., 2017) , depression and PTSD might be expected to connect across symptoms with overlapping diagnostic content, such as sleep, irritability, concentration difficulties, and loss of interest. Nonsymptom constructs can also be included in symptom networks as clinical correlates (Armour, Fried, Deserno, Tsai, & Pietrzak, 2017) , though to our knowledge this approach has not yet been applied to outcomes in health psychology. Thus, in this proof-ofconcept study, we sought to demonstrate the feasibility and utility of a network approach to (a) characterize symptom interconnections between depression and PTSD in MSM with CSA, (b) examine specific symptoms related to sexual risk, and (c) compare symptom networks across groups at different levels of risk.
Method

Sample and Procedures
Baseline cross-sectional data were collected from N ϭ 296 MSM as part of eligibility determination for a multisite randomized intervention trial conducted in Boston, Massachusetts, and Miami, Florida. Advertised enrollment criteria for the intervention trial included (a) male sex assigned at birth, (b) 18 years of age or older, (c) self-reported history of sex with men (or both men and women), (d) self-reported CSA history (defined as sexual contact before age 13 with an adult or individual 5 years older, or sexual contact between age 13-16 with a person 10 years older, or sexual contact under threat of force or harm at any age under 17), (e) sexual risk behavior (defined as more than one reported episode of unprotected anal or vaginal intercourse within the past 3 months with someone other than a primary, HIV-uninfected partner), and (f) HIV-negative status, as confirmed via rapid testing.
Participants were recruited through advertising and outreach efforts in community-based settings (e.g., bars, clubs) as well as print and social media, in conjunction with recruitment for other ongoing behavioral and epidemiological studies to protect individuals' privacy and minimize stigma. After being screened by trained clinical staff using a structured questionnaire, participants completed a comprehensive baseline assessment that included computer-based questionnaires on psychosocial functioning and sexual activity. All procedures were approved by the Institutional Review Boards at Massachusetts General Hospital and the University of Miami.
Measures
Depressive symptoms. Depression was assessed using the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) , a 20-item self-report scale for assessing depressive symptoms. Participants were asked to report how often they experienced a particular depressive symptom in the past week. For descriptive purposes, an overall scale score from 0 to 60 was calculated (Cronbach's ␣ ϭ .94), and the standard cut-off of 16 or greater (Weissman, Sholomskas, Pottenger, Prusoff, & Locke, 1977) was used to create a dichotomous variable reflecting clinically significant depressive symptoms. Individual symptom items were used for the main network analyses.
Posttraumatic stress disorder (PTSD) symptoms. PTSD was assessed using the Davidson Trauma Scale (DTS; Davidson et al., 1997 ), a 17-item self-report scale that assesses PTSD symptomology in terms of frequency and severity for each item. For this study, only the 17 items from the frequency subscale were used given their stem concordance with the CES-D items, where participants were similarly asked to report how often they experienced a particular trauma symptom in the past week. For descriptive purposes, an overall summary score for the frequency subscale was calculated from 0 to 68 (Cronbach's ␣ ϭ .88). Given a standard cut-off of 40 for the full scale (McDonald, Beckham, Morey, & Calhoun, 2009 ), a working cut-off of 20 was derived to index clinically significant PTSD symptoms in this study. Individual symptom items were used for the main network analyses.
Sexual risk behavior. Sexual risk behavior was operationalized as participants' self-reported frequency of condomless intercourse episodes with partner(s) of serodiscordant or unknown HIV status over the past 3 months. Due to the highly skewed nature of this frequency variable ( Figure D1 in the online supplementary materials), an ordinal variable divided into quartiles of reported risk was created for analysis. Quartiles captured individuals who reported zero to one risk episodes; two to three episodes; four to six episodes; and seven and more episodes, with relatively even proportions of the sample in each quartile. The quartiles variable was used for the main network analyses, while the original frequency variable was retained for supplementary analyses using mgm (Haslbeck & Waldorp, 2015) , an alternative network estimator (for methods and results, see Section E in the online supplementary materials).
Sociodemographics. Self-reported demographic data included participants' age, race, income, and educational attainment, which were included for descriptive analyses. Information on self-reported sexual orientation as well as number of male versus female partners over the past 3 months was also extracted to further characterize sexual behavior.
Main Network Analyses
Descriptive analyses were first conducted in SPSS Version 24 to characterize the study sample. Linear regressions were then performed to examine relationships between overall symptom scale scores and sexual risk quartiles. Next, network analyses were conducted in R using the qgraph package (Epskamp, Cramer, Waldorp, Schmittmann, & Borsboom, 2012) to determine conditional independence relationships between variables that can be represented in undirected graphical models, otherwise known as pairwise Markov random fields (Epskamp, Borsboom, & Fried, 2017) . Three sets of variables were included: depressive symptoms, PTSD symptoms, and sexual risk behavior. Partial correlaThis document is copyrighted by the American Psychological Association or one of its allied publishers.
tion networks between these variables were estimated using the cor_auto function, which automatically computes polychoric correlations from ordinal data . To reduce the likelihood of false positives, regularization was implemented in qgraph using a graphical lasso (glasso) algorithm, which imposes a conservative statistical penalty based on a parameter selected with the extended Bayesian information criterion, or EBIC. The EBIC hyperparameter was manually set at 0.5 to generate a relatively parsimonious network in which likely spurious edges would be reduced to zero . The resulting network was plotted using qgraph (Epskamp et al., 2012) . In the network visualization, each node represents a depression, PTSD, or sexual risk variable, and each pairwise edge represents the conditional dependencies between two nodes taking into account the presence of all other nodes in the network (Epskamp et al., 2012) . Positive edges are shown in gray and negative edges in red, while greater edge thickness corresponds to greater strength of the estimated association. The overall plot layout was arranged according to the Fruchterman and Reingold (1991) algorithm, which places the most strongly connected nodes in the center of the network and weakly connected nodes to the periphery of the network.
The resulting network was evaluated based on several features. First, the densities of symptom connections within and across depression and PTSD were each assessed using the proportion of observed edges over the total number of possible edges (Knefel et al., 2016) , with all possible edges calculated using the standard formula, n ϫ (n -1) / 2. Densities of symptom connections within depression and PTSD were then compared to the density of symptom connections across depression and PTSD, using chi-square tests for equality of proportions with Yate's continuity correction. It was hypothesized that depressive and PTSD symptoms would be related but remain relatively distinct, as consistent with their clinical conceptualization (Gros, Price, Magruder, & Frueh, 2012) . To further test this hypothesis, community structure (i.e., presence of symptom subclusters) was assessed using community detection analyses within the igraph package (Csardi & Nepusz, 2006) as computed with the walktrap random walk algorithm (Pons & Latapy, 2005) , with modularity values between .30-.70 suggesting the presence of subclusters in the network (Newman & Girvan, 2004) . To determine consistency across different algorithms (Fried, 2016) , comparative analyses were run using another community detection algorithm (spinglass), also implemented in igraph. Next, edges were examined across depression and PTSD. Finally, edges were evaluated between specific psychological symptoms and sexual risk. Drawing on emerging methods to evaluate overall robustness of the network results , stability analyses were conducted using the bootnet package to calculate bootstrapped confidence intervals around network edges and correlation stability statistics, as described in Section D of the online supplementary materials.
Sensitivity Analyses
Adjusting sexual risk variable for self-reported PrEP use. Individuals who were at least 80% adherent to preexposure prophylaxis (PrEP) over the past 3 months could be considered at minimal risk for HIV acquisition (Baeten, Haberer, Liu, & Sista, 2013) . The sexual risk quartiles variable was adjusted for PrEP usage so that sexual risk for adherent participants (N ϭ 11) was considered to be at the lowest level, regardless of their reported number of condomless sex episodes with a partner of unknown status. The network analysis was rerun with a dataset in which the sexual risk variable was PrEP-adjusted. This was not performed as the main analysis because PrEP usage does not protect against other STIs and so does not fully reduce sexual risk.
Imputing missing data. In the study dataset, 13% of cases (39/296) had values missing on at least one of the network variables. These cases were not found to be significantly different from those with no missing data when compared on race or education (using chi-square tests) as well as age, depression or PTSD scores (independent sample t tests) and thus were considered to be missing at random. Because missing data were previously handled through pairwise deletion, a sensitivity analysis was performed where any missing data values were imputed using the missForest R package (Stekhoven & Bühlmann, 2012) , a nonparametric imputation method. The missForest imputation method, based on the randomForest procedure (Breiman, 2001) , fits a random statistical forest of regression trees for each variable and uses the results to predict missing values on that variable. The number of trees was specified for this dataset at 100, where all variables were imputed as ordinal. The network analysis was rerun with a dataset in which missing values were imputed using this method.
Exploratory Follow-Up Analyses
Comparing symptom network by higher versus lower sexual risk behavior. Lastly, as an exploratory follow-up to the main findings, the main dataset was evenly divided into two subdatasets, with a "high-risk" group (N ϭ 148) consisting of participants whose frequency of sexual risk behavior exceeded the median value of risk episodes (i.e., four or more episodes) in the sample, and a "lower risk" group (N ϭ 148) consisting of participants whose frequency of sexual risk behavior did not exceed this number. Symptom networks (consisting of psychological symptoms only) were separately estimated for each risk group to qualitatively examine how the underlying connectivity or network structure of symptoms might differ by risk group. For consistency with previous analyses, networks were initially estimated using the same glasso algorithm described earlier. However, because one of the network matrices emerged as not positive definite, which can occur at smaller sample sizes, we reestimated networks using Spearman correlations as specified in the cor function with casewise deletion and an exploratory tuning hyperparameter of 0.25 for increased discovery at lower power. Resulting graphical layouts were averaged across both networks to produce identical configurations for each group in order to compare edges.
Results
Descriptive Results
All 296 participants were MSM at risk for HIV who reported prior exposure to CSA. Their demographic and psychosocial characteristics are summarized in Table 1 . Most participants were White (69%) or African American (22%), and had completed some secondary education beyond high school (75%). The average selfreported number of risky sexual encounters over the past 3 months This document is copyrighted by the American Psychological Association or one of its allied publishers.
was seven, though ranged widely by individual (SD ϭ 10.67, range ϭ 0 -100). On average, participants reported predominantly male partners (7.2, SD ϭ 7.6) compared to female partners (0.7, SD ϭ 2.0). Overall, 67% of participants met the standard cut-off for clinically significant depression and 38% met the working cut-off for clinically significant PTSD, while 34% met cut-offs for both depression and PTSD. In separate linear regressions using overall scale scores for each disorder, PTSD predicted sexual risk (standardized B ϭ .14, p ϭ .017), while depression marginally did not (standardized B ϭ .10, p ϭ .093) except when adjusted for PrEP (standardized B ϭ .13, p ϭ .029). Moreover, meeting the cut-off for both depression and PTSD was associated with sexual risk (unstandardized B ϭ .30, p ϭ .029).
Network Analysis Results
The resulting network structure (see Figure 1) showed complex associations (a) between symptoms within and across depression and PTSD, and (b) in relation to sexual risk behavior. With regard to overall network density, 34% of all possible edges (237/703) were present.
How were depressive and PTSD symptoms connected within and across their respective disorders? In the main network (see Figure 1) , symptoms of depression and PTSD mainly clustered within their respective disorders. The number of connections was greater between symptoms of the same disorder than across disorders-such that network densities of 48% within depression (91/190) and 58% within PTSD (79/136) were significantly higher compared to 15% (51/340) of possible connections across depression and PTSD, 2 (1) ϭ 65.58, p Ͻ .001; 2 (1) ϭ 88.69, p Ͻ .001, respectively. These findings were corroborated by community detection results using the walktrap algorithm (see Figure 2) , which suggested substantial modularity (Q ϭ .48) and revealed that depressive symptoms (nodes colored in dark blue) tended to group separately from PTSD symptoms (nodes colored in pale pink), as shown in shaded clusters. Interestingly, there was a subcluster of depressive symptoms consisting of the four items that were reverse-coded, suggesting potential influence of item response type or a potential grouping of moodrelated depressive features. The sleep items from depression and PTSD (#11 and #33) also shared a subcluster of their own. In addition, there was a subcluster of PTSD symptoms pertaining to items pertaining to intrusive symptoms and avoidance (#21 to #27), and another subcluster of PTSD symptoms of items pertaining to mood/ affect changes and psychosomatic arousal (#28 to #37). The alternative spinglass algorithm revealed similar clustering of depression versus PTSD symptoms ( Figure B1 in the online supplementary materials), also with a distinct subcluster of reverse-coded depression items, a subcluster of sleep items, and separate clustering of earlier versus later PTSD items.
Finally, the main network (see Figure 1) suggested that despite general clustering of symptoms within the same disorder, depression and PTSD were connected across several key symptom nodes. The strongest cross-disorder connection was at sleep disruption (b ϭ .47), followed by concentration difficulties (b ϭ .23) and limited life outlook (b ϭ .18). For reporting parsimony, top edge weights are summarized in Table 2 ; the full list of all 54 nonzero edges between depression and PTSD can be found in Table A1 of the online supplementary materials.
Which depressive and PTSD symptoms were connected to sexual risk behavior? In the main network (see Figure 1) , some symptoms of depression and PTSD were linked to sexual risk behavior while other symptoms were not. Specifically, one of 20 depressive symptoms had nonzero associations with sexual risk (Table 3) , while five of the 17 PTSD symptoms had nonzero associations with sexual risk (Table 4) . Notably, these edges reflect conditional dependencies between specific symptoms and sexual risk that persisted above and beyond potential influences from other symptoms. Tables 3 and 4 display nonzero edges across the main network analysis and sensitivity analyses. Overlapping confidence intervals from our stability analyses suggest caution in interpreting relative edge sizes (Section D of the online supplementary materials). However, symptom connections with sexual risk that persisted across multiple sensitivity analyses included the following: feeling fearful (b ϭ .03) in depression; and avoiding thoughts and feelings (b ϭ .05) and inability to feel emotions (b ϭ .04) in PTSD. These main findings were compared to those from alternative network estimation using the sexual risk frequency variable (Table E3 of the online supplementary materials), which also supported the role of fearfulness and avoidance.
How did the network structure of depression and PTSD differ across high-versus low-risk groups? In exploratory comparisons (see Figure 3) , the symptom network of depression and PTSD was qualitatively different for higher-versus lower-risk participants despite similar overall network densities (31% vs. 29%) in both groups and no significant differences in within-or cross-disorder densities. Notably, in the higher-risk group, there appeared to be denser connectivity of symptoms within the PTSD avoidance and intrusions cluster (#21 to #27) and across to other symptoms in the network-whereas in the lower-risk group, these symptoms were more sparsely connected. The lower-risk group showed stronger symptom connectivity between PTSD hyperarousal symptoms (#33 to #37), whereas these symptoms appeared relatively diffusely connected in the high-risk group. To follow up This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
on these observations, independent sample t tests comparing DTS symptom cluster scores across groups corroborated that avoidance/ numbness subscale scores were significantly higher in the higherrisk group compared to the lower-risk group, t(277) ϭ 2.88, p ϭ .004, while there was no between-groups difference in hyperarousal subscale scores, t(277) ϭ 1.54, p ϭ .125.
Discussion
This proof-of-concept study sought to investigate the interplay between depression and PTSD symptoms in MSM with CSA and extend current literature by providing a symptomlevel inquiry of how depression and PTSD may be related to sexual risk behavior. To our knowledge, this is among the earliest network-based studies at the interface of depression and PTSD (Afzali et al., 2017) and among individuals with CSA histories (McNally, Heeren, & Robinaugh, 2017) , as well as the first to apply this inquiry to functional outcomes in health psychology. In this study, while depression and PTSD symptoms mainly clustered within their respective disorders, they were connected at symptom nodes related to sleep disruption, This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
concentration difficulties, and limited life outlook. Moreover, specific symptoms of depression (e.g., feeling fearful) and PTSD (e.g., avoiding thoughts and feelings) were linked to sexual risk behavior while other symptoms were not. The observation that depression and PTSD remained relatively distinct while sharing symptom connections is informative for the literature on comorbidity between these two disorders, both generally and in MSM with CSA. As mentioned, earlier studies have examined this comorbidity largely at the level of disorders (Itzhaky, Levin, Fingerhut, & Solomon, 2014) . One study (Horesh, Lowe, Galea, Aiello, Uddin, & Koenen, 2017) recently sought to characterize associations of major depression with specific PTSD clusters, finding that all PTSD clusters, particularly hyperarousal, were related to depression over time. Network analysis may offer another way to conceptualize interactions between these two disorders that share considerable lifetime comorbidities (Breslau, Davis, Andreski, Peterson, & Schultz, 1997; Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995) at an even more precise level.
Consistent with previous empirical findings (Franklin & Zimmerman, 2001 ) including a recent network study (Afzali et al., 2017) , sleep emerged as the strongest connection across depression and PTSD, and thus may be considered a key bridge symptom (Franklin & Zimmerman, 2001 ). According to the network literature, bridge symptoms are those that, if activated in one disorder, can readily lead to symptoms in the other disorder (Cramer et al., 2010) . In addition to sleep, concentration difficulties and limited life outlook predictably overlapped across depression and PTSD (Afzali et al., 2017) , but unlike previous work irritability did not emerge in this network as it was not measured by our symptom scales. Other notable bridge symptoms in this sample included thoughts about life as a failure (depression) and difficulty imagining one's future (PTSD), which may be particularly salient to This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
MSM who have experienced CSA. Drawing on these insights to address psychological comorbidities in trauma-exposed MSM may be especially warranted given the increased functional impairment and health care utilization when these comorbidities exist (O'Cleirigh et al., 2009) . Notably, network findings identified potential relationships between specific psychological symptoms and sexual risk behavior, yielding insights beyond global disorder scores. Relationships between overall depression and sexual risk behavior have been described as complex (Crepaz & Marks, 2001; Kalichman & Weinhardt, 2001) . While overall depression predicted sexual risk, the depressive symptom of feeling fearful was specifically associated with sexual risk after accounting for other symptoms in the network. This particular symptom could reflect general fearfulness that extends to interpersonal situations where assertiveness and sexual negotiation is required. Conversely, it is possible that increased engagement in risky behavior increases fearfulness for one's health.
The PTSD symptom of avoiding trauma-related thoughts or feelings was consistently linked to sexual risk behavior in this MSM sample. While preliminary, this finding could be contextualized by several cognitive-behavioral mechanisms. Avoiding thoughts and feelings may be a form of experiential avoidance (Chawla & Ostafin, 2007; Hayes et al., 2004) , which consists of both unwillingness to experience aversive internal experiences and attempts to alter such experiences, including thought/emotion suppression. First, avoiding thoughts and feelings about past sexual trauma may result in not being fully present in situations that activate such thoughts and feelings, particularly intimate relationships or sexual encounters where health risks may need to be actively appraised and negotiated. Second, thought/emotion suppression (a mechanism of PTSD-related avoidance) may compromise access to cognitive resources (Baumeister, Bratslavsky, Muraven, & Tice, 1998; Richards & Gross, 2000; Wyland, Kelley, Macrae, Gordon, & Heatherton, 2003) with potential to reduce self-regulatory capacity and interfere with realistic risk appraisals. Third, efforts to avoid upsetting thoughts and feelings may motivate external sensation seeking in order to distract oneself from these internal experiences. Related to this, another PTSD symptom linked to sexual risk was reported inability to feel emotions, which may also disrupt accurate risk estimation and/or drive sensation seeking.
Symptom-level mechanisms of this nature may explain why not everyone with PTSD demonstrates similar levels of behavioral risk (Tull, Weiss, & McDermott, 2016) . PTSD is known for symptom heterogeneity within the disorder (Frueh, Elhai, & Acierno, 2010; Galatzer-Levy, Karstoft, Statnikov, & Shalev, 2014) such that individuals with more of a hyperarousal presentation may have different behavioral risks than individuals with a strong avoidance component. Indeed, in qualitative comparisons of symptom networks across risk groups, avoidance symptoms showed stronger connectivity in the higher-risk group, suggesting that avoidant processes may be more readily activated in high-risk individuals. The lower-risk group showed stronger connectivity among PTSD symptoms related to hyperarousal, which could protect against-or at least not lead to-sexual risk behavior in the absence of avoidance. For example, hyperarousal has a strong somatic component, reflecting individuals who may be more physically uncomfortable and vigilant of potential threats, thus avoiding risky sexual situations. These exploratory comparisons should be interpreted with utmost caution, particularly because networks are less stable at lower sample sizes (Epskamp, Borsboom, & Fried, 2016) . However, these comparisons build on prior evidence that network structures can vary across different subgroups based on salient characteristics, such as disorder severity (Cramer et al., 2016) , environmental exposures (Isvoranu, Borsboom, van Os, & Guloksuz, 2016) , and in this case behavioral tendencies. Furthermore, they have generated a testable hypothesis that ready activation of avoidance symptoms (e.g., by other psychological symp- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
toms such as dysphoria) may explain behavioral risk, which is consistent with other findings from this study but deserves formal examination in larger samples.
Limitations
While novel and potentially useful in its implications, this study has methodological caveats to note. First, data were cross-sectional; as such, causal directions between symptom and risk variables cannot be inferred and bidirectional effects are possible. Second, sexual risk behavior was self-reported by participants and could have been influenced by social desirability bias, a common challenge in sexual health research (O'Sullivan, 2008) . Computer-based administration may have reduced this bias because participants are more likely to disclose sensitive information via computer questionnaire as compared to a face-to-face interview (Metzger et al., 2000) . We also did not distinguish between specific types of sex (e.g., receptive vs. insertive) that could differentially affect HIV transmission risk, but rather defined sexual risk broadly because engaging in any type of condomless sex acts could still increase transmission of STIs.
Third, the separate clusters of depression and PTSD symptoms found in this network analysis could reflect scale factors instead of true construct differences. For example, the order in which items are administered is posited to affect how they relate to each other (Marshall, Schell, & Miles, 2013) . It could be that if these influences are eliminated through random administration of scale items, PTSD and depression may map onto a same latent factor as in some previous research (e.g., Dekel, Solomon, Horesh, & Ein-Dor, 2014; Elhai et al., 2011) ; however, this remains to be tested. Furthermore, skewed distributions within individual items, particularly PTSD, may affect reliability of network results (Terluin, de Boer, & de Vet, 2016) .
Results should be primarily interpreted as an illustration of how symptom-based analyses can be applied in health psychology.
Finally, there are limits to generalizability. Specifically, all participants were HIV-negative, at higher self-reported risk for sexual behavior, and interested to participate in an intervention trial. Given predominance of reported male partners, findings most likely apply to risk behavior with male partners and may not generalize to sexual activity with female partners. We also focused on MSM with self-identified CSA histories, because examining associations between depression, PTSD, and sexual risk in a clearly traumatized population segment could be more useful than exploring these relationships in a general population where base rates of PTSD and depression are lower. At the same time, CSA itself may account for some observed relationships, such as increased avoidance (Choi et al., 2017) or stronger connections with sense of self as failure. There is a need to test associations in other MSM samples (HIV-positive, exposed to other types of trauma, and/or at lower behavioral risk) and to examine if findings apply to heterosexual risk behavior as well.
Clinical implications
While results should not be substantively interpreted to provide strong clinical recommendations until verified by replication, they offer possible implications for refining clinical targets for intervention. First, identifying and treating sleep problems when only one disorder is present (e.g., PTSD) could help prevent the comorbid development of the other (e.g., depression), though this remains to be tested in trauma-exposed MSM. Second, given likely heterogeneity in depression and PTSD symptoms across individuals, a symptom-based approach may aid in the development of personalized risk profiles to optimize sexual health in MSM with CSA. Community detection analyses identified two major subclusters of PTSD symptoms, consisting of (a) intrusive symptoms This document is copyrighted by the American Psychological Association or one of its allied publishers.
and avoidance and (b) mood/affect changes and psychosomatic arousal. While only DSM-IV symptoms of PTSD were used in this study, these identified subclusters largely map onto current PTSD diagnostic symptom clusters (American Psychiatric Association, 2013)-(a) intrusive symptoms, (b) avoidance symptoms, (c) negative changes in mood and cognitions, and (d) changes in arousal and reactivity-while extending this perspective at a more finegrained symptom level. For example, while avoidance of thoughts and feelings was found to be associated with sexual risk, avoidance of situational reminders was not. This distinction would not have emerged at the cluster level and provides more traction for intervention design. If avoidance of trauma-related thoughts and feelings in PTSD is a key symptom underlying sexual risk behavior, then interventions should aim to increase distress tolerance and mindfulness, as well as to resolve maladaptive cognitions as in cognitive processing therapy (Resick & Schnicke, 1992) . Inability to feel emotion-also linked to sexual risk behavior-could be targeted using transdiagnostic cognitive-behavioral therapy approaches (Ellard, Fairholme, Boisseau, Farchione, & Barlow, 2010) that provide psychoeducation about the role of emotions and facilitate gradual exposure to adaptive emotional cues.
Conclusion
In conclusion, histories of CSA are disproportionately common in MSM (Kalichman, Zohren, & Eaton, 2014; Mimiaga et al., 2009 ) and predict high rates of comorbid depression and PTSD (Stall et al., 2003) . These disorders, in turn, have been associated with increased engagement in risky sexual behavior (Mimiaga et al., 2009; Reisner et al., 2011 Reisner et al., , 2009 ). However, the cause of these elevated rates of comorbid depression and PTSD and the mechanisms by which they contribute to risky sexual behavior have remained unclear. This proof-of-concept study illustrates how network analysis can be used to answer symptom-level questions about psychological comorbidities and clinically relevant outcomes in health psychology. Specifically, this study has demonstrated the feasibility and potential clinical utility of network analysis to (a) characterize interconnections between psychological symptoms that occur in a population with behavioral health risk; (b) examine associations of specific symptoms with health risk outcomes; and (c) compare symptom networks across groups at different levels of risk.
